Over one-third (35%) of macrolide-resistant GBS belonged to a single PFGE subtype of GBS-V, which was also the most common GBS-V subtype noted in previous Centers for Disease Control and Prevention surveillance studies. Erm methylase (ermA and ermB) was the most common resistance mechanism detected, present in 12 of 20 macrolide-resistant GBS.
Pulsed-field gel electrophoresis (PFGE) was performed on 122 neonatal bloodstream isolates of group B streptococci (GBS) to further examine the relationship between macrolide resistance and serotype V GBS (GBS-V).
Over one-third (35%) of macrolide-resistant GBS belonged to a single PFGE subtype of GBS-V, which was also the most common GBS-V subtype noted in previous Centers for Disease Control and Prevention surveillance studies. Erm methylase (ermA and ermB) was the most common resistance mechanism detected, present in 12 of 20 macrolide-resistant GBS.
Group B streptococci (GBS) cause significant morbidity and mortality in neonates and can also cause serious infections in adults (20, 21) . Several serotypes of GBS exist (9) , but only a few (serotypes Ia, Ib, Ic, II, and III) are common causes of human disease. Over the past decade, several investigators reported an increasing proportion of GBS disease to be due to serotype V (GBS-V) (1, 2, 8, 11, 21) . During the same period, several investigators also reported an increase in macrolide (erythromycin) and clindamycin resistance among GBS isolates from U.S. hospitals (1, 13, 15, 17) . In addition, several groups (including ours) have recently reported an association between macrolide resistance and GBS-V (1, 10, 12). It was found that, though GBS-V accounted for only ϳ10% of neonatal GBS bloodstream isolates, 40% of erythromycin-resistant and 83% of clindamycin-resistant strains were GBS-V (1).
To further investigate the association between macrolidelincosamide resistance and the emergence of GBS-V, we performed pulsed-field gel electrophoresis (PFGE) analysis of the SmaI chromosomal DNA digests of 122 neonatal bloodstream isolates of GBS for which antimicrobial susceptibilities and serotype distribution had previously been described (1) . To determine if macrolide-resistant GBS-V represented a new subtype, we included a strain previously characterized by Elliott and colleagues (6) at the Centers for Disease Control and Prevention (CDC) and found to be the most common GBS-V PFGE pattern detected in the United States (representing 56% of isolates collected between 1986 and 1996).
The GBS bloodstream isolates in this study were collected as part of the SENTRY antimicrobial surveillance program (1). This report focuses on all neonatal bloodstream isolates of GBS obtained between January 1997 and December 1999 from 35 medical centers throughout the Western Hemisphere.
Upon receipt at the University of Iowa, GBS isolates were subcultured onto blood agar to ensure viability and purity. Confirmation of species identification was performed by conventional methods: all GBS in our study were confirmed by the Christie-Atkins-Munch-Petersen test. Antimicrobial susceptibility testing was performed by reference broth microdilution methods as described by the National Committee for Clinical Laboratory Standards (NCCLS) (14) .
Serotyping was performed by an agglutination test with rabbit antisera to serotypes Ia, Ib, II, III, IV, and V, as described previously (1) . For PFGE analysis, genomic DNA was prepared for restriction fragment analysis and then digested with SmaI by published techniques (16) . Electrophoresis was performed on the CHEF-DR II apparatus (Bio-Rad Laboratories, Richmond, Calif.). Visual and computer-assisted (BioNumerics; Applied Maths, Kortrijk, Belgium) analysis of PFGE patterns was performed. Isolates were considered to be related (subtypes of the same PFGE type) if they varied by one to three bands and indistinguishable (same subtype) if they had all bands in common (19) .
Erythromycin-or clindamycin-resistant isolates were also screened by PCR for the presence of ermA, ermB, ermC, and mefA resistance genes as previously described (18) .
The antimicrobial susceptibility results and serotype distribution for these isolates have been described previously (1) . In summary, all isolates were susceptible to penicillin, but 20 of the 122 (16%) were resistant to erythromycin, and seven of these (6%) were also nonsusceptible to clindamycin. Of the 71 isolates from the United States, 18 (25.4%) were resistant to erythromycin and 5 (7%) were resistant to clindamycin. Serotypes III and Ia were most frequent, accounting for over 75% of the isolates. Serotype V (9%) was the next most frequent. The rank order of serotype frequency was similar in all regions, although serotype V was more prevalent in the United States (11%) than in Latin America (5%). Three of the isolates were not typeable. There was no significant change in serotype frequency over the 3 years of the study (1) .
The distribution of macrolide-lincosamide resistance genes according to erythromycin-clindamycin resistance phenotypes is reported in Table 1 . Consistent with previous reports, methylase was the most common mechanism detected among macrolide-resistant isolates (3) (4) (5) 7) . For all seven ermB-containing strains, the MIC of erythromycin was Ն8 g/ml, and all were clindamycin intermediate or resistant. Strains containing either ermA or mefA possessed the same phenotype of clindamycin susceptibility with MICs of erythromycin being 1 to 4 g/ml. One isolate could not be amplified with multiple erm and mef primers. The MIC of erythromycin was higher for this isolate, but the strain was clindamycin susceptible and may represent a ribosomal mutation, although the ribosomal DNA has not yet been examined.
Over 50 PFGE patterns were identified among the 122 GBS isolates. Without exception, isolates within a serotype did not share PFGE patterns with isolates from other serotypes. Serotype Ia isolates demonstrated the most genetic heterogeneity, and serotype V strains demonstrated the least. Macrolideresistant strains were found among serotypes Ia (two isolates), Ib (one), II (one), III (seven), and V (eight) and also included one nontypeable isolate. Overall, 10 different PFGE patterns were observed among the 20 macrolide-resistant GBS isolates. Figure 1 and Table 2 demonstrate the PFGE patterns of all GBS-V isolates, as well as macrolide susceptibility patterns and geographic locations of isolation. Seven of the eight macrolideresistant GBS-V strains, isolated at seven centers from New Mexico to New York, were indistinguishable from the CDC GBS-V control strain (Fig. 1, lane 2) by PFGE. The remaining macrolide-resistant GBS-V strain, from a center in Canada, was of a related subtype.
Our results indicate not only that much of the macrolide resistance among GBS was found among serotype V strains but that this resistance phenotype was geographically widespread and found in a GBS-V subtype that was the most commonly isolated in the United States and has been present in the population since 1975 (6) . Although some diversity of PFGE patterns was found among GBS-V strains collected by the CDC from 1986 to 1996 (17 PFGE patterns among 45 isolates) (6), our findings are consistent with those of Blumberg and colleagues (2), who found little diversity within GBS-V strains in a 1992-1993 surveillance study in Atlanta, Ga. It would be of interest to examine the antimicrobial susceptibilities of GBS-V isolates collected over the past 2 to 3 decades to determine when macrolide resistance emerged in this GBS-V subtype. Given the fact that macrolides (especially erythromycin) are often used during pregnancy (because of their favorable safety record), we speculate that the acquisition of macrolide resistance by this common GBS-V subtype provided a selective advantage and may have contributed to the emergence of GBS-V as a more frequent human pathogen. Continued emergence of this subtype or other macrolide-resistant GBS would have obvious serious implications both for the formulation of Table 2 for descriptions of individual isolates). Lane 2 shows the pattern of a strain provided by the CDC and found to be the most common pattern of GBS-V in surveillance studies performed in the United States between 1986 and 1996 (6). a Strain numbers correspond to lane numbers of Fig. 1 , where PFGE patterns for these isolates are shown.
b Data are patterns of susceptibility to erythromycin/patterns of susceptibility to clindamycin. Abbreviations: S, susceptible; R, resistant.
c Strain provided by the CDC, found to be the most common pattern of GBS-V in U.S. surveillance studies performed between 1986 and 1996 (6). treatment and prophylaxis recommendations and for the development of candidate GBS vaccines (9).
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